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REMARKS 

Applicants appreciate the consideration shown by the Office as evidenced by the Office 
Action mailed on June 23, 2005. In that Office Action, the Examiner rejected claims 1-31. In 
this Response, Applicants have amended claims J, 13, and 23; and have canceled claims 4, 16, 
and 25. Claims 1-3, 5-15, 17-24, and 26-74 remain pending in this application, with claims 32-74 
currently withdrawn from consideration on the basis of a restriction requirement. Applicants 
respectfully request favorable reconsideration in light of the above amendments and the 
following remarks. 

1. Claim Rejections 

Claims 1-31 were rejected under 35 U.S.C. 102 (a) or (e) as anticipated by, or, in the 
alternative, under 35 U.S.C. 103(a) as obvious over Asakawa et al.. U.S. Patent No. 6,565,763 
("Asakawa"). Applicants respectfully traverse this rejection. 

Asakawa does not anticipate independent claims 1, 13, and 23 of the present application 
as amended herein because this applied reference does not describe or imply a ceramic material 
having a porosity of less than 30 percent. Moreover, the subject matter recited by claims 1, 13, 
and 23 of the present application, taken as a whole, is not obvious in view of Asakawa because 
this applied reference fails to suggest a ceramic material having porosity less than 30 percent 
First, Asakawa is silent on the issue of the porosity range of the material made by its disclosed 
process. No specific values are given, and the word "porosity" is not present in the reference. 
Second, Asakawa makes very clear that the invention it describes is directed to the production of 
materials having a high level of porosity. Li column 6, lines 10-15, the very beginning of the 
Detailed Description section, Asakawa states, "The principle of the present invention is that a 
film or a bulk-molded product of a block copolymer or graft copolymer is formed, which 
copolymer is allowed microphase-separation, and then a polymer phase is selectively removed, 
thereby forming a porous film or porous structure having a pattern of the order of 
nanometers." Moreover, the porous structures must have a high porosity, because "such a 
structure (formed by the disclosed process] has a very large specific surface area. Col. 14, lines 
34-37. 

The stark differences between the materials described in Asakawa and those claimed in 
the present application arise because Asakawa and the present application describe two very 
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different processes. In Asakawa, a block copolymer is forced to undergo micro-phase separation, 
and then one of the separated phases is selectively removed, leaving behind a structure 
comprising the remaining phase and a high level of porosity disposed where the removed phase 
previously resided. Column 6. lines 10-15. On the other hand, in the present application, a block 
copolymer (BCP) is mixed with at least one ceramic precursor. The mixture assembles into an 
ordered structure, but in this case there is no phase separation of the BCP with selective removal 
of a constituent BCP phase; instead, the mixture is pyrolyzed to decompose at least a portion of 
the BCP, leaving behind carbonaceous material (paragraph 0032). As noted in paragraph [0028] 
of the present specification, "Voids left behind by the decomposition of block copolymer can be 
closed during pyrolysis, leading to a nonporous, dense material." As noted above, Asakawa is 
clearly directed at just the opposite result— the production of porous material. 

Based on the above discussion, Applicants respectfully submit that independent claims 1, 
13, and 23, along with their respective pending dependent claims, are patentably distinct from 
Asakawa. Applicants respectfully request favorable reconsideration of the claims. 

2. Information Disclosure Statement (IDS) 

The Examiner stated that the IDS filed 1-16-04 failed to comply with 37 CF.R. 
1.98(aX2) because documents C3 and C4 were not received. Reference C3 is Monnier et al., 
"Cooperative Formation of Inorganic - Organic Interfaces in the Synthesis of Silicate 
Microstructures," Science, vol. 261, pp. 1299-1303, September 3, 1993. Reference C4 is 
Templin et al., "Organically Modified Aluminosilicate Mesostructures from Block Copolymer 
Synthesis," Science, vol. 278, pp. 1795-1798, Decembers, 1997. 

Applicants enclose herein copies of the two references, and respectfully request 
consideration of all disclosed references. 
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3. Conclusion 

In light of the remarks and amendments presented herein, Applicants believe that this 
serves as a complete response to the subject Office Action. If, however, any issues remain 
unresolved, the Examiner is invited to telephone the undersigned at the number provided below. 



1 Research Circle 
Niskayuna, New York 
Friday, September 23, 2005 



Respectfully submitted, 



Paul DiCdjfca <_) 
Reg. No. 48,418 
General Electric Company 
Building Kl, Room 3A60 
Telephone: (518)387-6131 



Attachments: 2 journal articles as noted above 
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native Formation of Inorganic-Organic 
Interfaces in the Synthesis of 
Silicate Mesostructures 

bonier, F. Schuth, Q. Huo, D. Kumar, D. Margolese 
Maxwell, G. D. Stucky,* IVL Krtehnamurty, P. Petroff 
A. Firouzi, M. Janicke, B. F. Chmelka 

anted to explain the formation and morphologies of surfactant-silicate 
processes are identified: muftiderrtete binding of silicate oligomers 
fcagrtectant, preferential silicate polymerization in the interface region and 
"f fftftfcfrng between the surfactant and the silicate. The model explains 
^ menial data, Including the transformation between lamellar and hexagonal 
|and provides a guide for predicting conditions that favor the formation of 
or cubic mesostructures. Model Q* 30 proposed by Mariani and his 
sictonfy fits the x-ray data collected on the cubic mesostructure material 
>sk that the srllcate polymer forms a unique infinite silicate sheet sitting 
$jnlftimal surface and separating the surfactant molecules into two discon- 
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don of the silicate orders the subsequent 
silicate-encased surfactant micelles. These 
general models, however, are insufficient 
for establishing die mechanistic under- 
standing needed for better control of the 
synthesis process, which is key to efforts 
aimed at improving or adding to this excit- 
ing new class of materials. On the basis of 
experimental results, we present here a 
more detailed model of the mesophase for- 
mation process, which explains presently 
known experimental data and successfully 
predicts conditions needed for the synthesis 
of desired structures. We believe that this 
model can be generafoed to the synthesis of 
other nonsiliceous materials as well. 

From considerations in surfactant and 
silicate chemistry, three closely coupled 
phenomena are identified as crucial to the 
formation of surfactant-silicate mesophases. 
These include: (i) multidentate binding of 
silicate oligomers, (ii) preferred polymeriza- 
tion of silicates at the surfaciant-stllcace 
interface, and (ill) charge density matching 
across the interface, 

Mesostructure syntheses can be carried 
out under conditions in which the silicate 
alone would not condense (at pHs from 12 
to 14 and silicate coricentrations of 0-5 to 
5%) and the surfactant cetyhrimcthylam- 
raonium (CTA + ) alone would not form a 
liquid crystal phase. In fact, surfactant- 
silicate mesophases can form at surfactant 
concentrations as low as 1%, a regime in 
the CTABr-water phase diagram in which 
Only micelles are present. For a CTABr- 
water solution at typical surfactant-silicate 
synthesis temperatures in the absence of 
silicates, a hexagonal phase is favored ar 
surfactant concentrations from ~Z5 to 70% 
by weight whereas a lamellar phase forms at 
concentrations above 70% (3, 4). Ncvcr- 

SCIENCE • VOL.261 ♦ 3 SEPTHMBER 1993 



theless, a solid mesophase precipitate is 
formed, the structure of which will be 
discussed below, as soon as surfactant 
(chain length of 8 to 20 carbon atoms) and 
silicate solutions ate combined. The rapid- 
ity of this precipitation indicates that there 
is a soong interaction between the canonic 
surfactant and anionic silicate species in the 
formation of surfactant-silicate mesophases. 

Wc performed syntheses aimed at iden- 
tifying conditions important for the forma- 
tion of mesoporous materials over a wide 
range of rcactant compositions and temper- 
atures (5) . For the purpose of investigation, 
we found that we could slow the evolution 
of the surfactant-silicate systems by under- 
taking the syntheses at moderate tempera- 
tures (between 30* and 100*0 (6). During 
frewdry kinetic experiment* with CTACl 
used as the surfactant, a layered (lamellar) 
material with a primary d spacing (repeat 
distance) of 31(±l) A was produced, to- 
gether with amorphous silica, after reaction 
rimes on the order of 1 mln. For the 
synthesis conditions given in Fig. l f the 
lamellar mesophase disappears after approx- 
imately 20 min, at which point the difrrac- 
tidn partem of the hexagonal mesostrucoire 
is simultaneously detected. This hexagonal 
material has a primary d spacing of 40(± 1) 
A and attains its final degree of ordering 
after -10 hours (7). 

A layered material with a primary d 
spacing of 31(£l) A (Fig. 2, pattern A) 
can be isolated in pure form (8)* a trans- 
mission electron microscopy (TEM) micro- 
graph of this mesostructure is depicted in 
Fig. 3. The variation of the d spacing as a 
function of the chain length of a cationic 
surfactant CJ^^JUKH^Ji* (for 14 * n 
£ 22) is 1.0. to 1.2 A per carbon, which 
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Fig. 1. Time evolution of the intensify of x-ray 
diffraction features associated with layered and 
hexagonal (M41S) mesostructures at 348 K. 
Trie layered material is precipitated rapidly, 
whereas the hexagonal material appears later, 
as a result of a higher degree or silica polymer- 
ization, The composition of the reaction mixture 
was as follows: 1 M SO a :0.02S M ALO a :0.1 15 
M ^0:0,233 M CTACl:0.089 M TMAOH;,25 
M H 2 0, 
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Corresponds to a monolayer assembly. If this 
new layered material is hydrothermally 
treated at 373 K (pH » 7)-, it is converted 
to the hexagonal mesostructure over 10 
days, with intermediate and final x-ray pat- 
terns shown in Fig. 2. patterns B and C, 
respectively* During this transformation the 
degree of silica polymerization increases, as 
measured by the relative number of incom- 
pletely condensed (Q 3 ) and fully condensed 
(Ql "Ucon atoms determined by Z9 Si mag- 
ic-angle spinning nuclear magnetic reso- 
nance spectroscopy. The ratio between Q 3 
and Q 4 silicon decreases from typical values 
of 1 .0 tor the layered material to 0.4 to 0.55 
for the hexagonal rnesostructure, reflecting 
a significant increase in the number of 
silicon atoms fully coordinated to other 
silicate nearest neighbors. 

Mesophase formation and associated sil- 
ica polymerization are intimately tied to 
Coulombfc interactions between surfactant 
and silicate species at the micelle interfac- 
es Silicates present in the form of mono- 
valent monomers, Si(OH) 3 0- however, 
are expected to have little energetic advan- 
tage over other monovalent anions compet- 
ing for access to the canonic surfactant 
head groups. At high pH, the reaction 
mixture also contains small silica oligomer* 
(three to seven silicon atoms) of varying 
degiees of polymerization and charge (9), - 
Th^ oligomers are appreciably more acid- 
ic (pK* — 6.5) than the monomer or dimer 
l¥* 10 ' 7 > respectively 

u 1 ' alchou e h aJI such silicates will be 
highly dissociated under the high pH con- 
ditions used here (/ 1), 

The oligomer^ silica polyanions, how- 
ever, can easily act as multidentate ligands 
tor the canonic head groups of the surfac- 
tant, leading to a strongly interacting 5U r- 
actant-silkare interface. Indeed, the inter- 
action of ionic surfactants with polyions of 
opposite charge encourage* strong coopera- 
ove binding, manifested by increases in the 
binding constants of up to two orders of 



magnitude in similar systems (12).. Infer- 
ential multidentate binding of the silicate 
polyanions causes the interface to quickly 
become populated by tightly held silicate 
oligomers, which can subsequently poly^ 
mcrize further. Silicate polymerization 
within the surfaccant-silicate interface re- 
gion is favorable for two elated reasons: (i) 
the concentration of silicate species near 
the interface is high and (ii) their negative 
charges are partially screened by the surfac- 
tant. Furthermore, as polymerization pro- 
ceeds, the formation of highly connected 
silicate polyanioru, which act as very large 
multidentate Uganda, further enhances the 
cooperative binding between the surfactant 
and silicate species. 

Multidentate ionic binding in surfac- 
tant-silicate systems has an important con- 
sequence; namely, it leads to precipitation 
of a given mesophase from solution. 
Through the interactions driving the pre* 
cipitation process, the appearance of a giv- 
en mesostruerure is established, although 
this process is expected to operate on a 
aWerent time scale from polymerization of 
the silica, which accounts ultimarely for the 
thermal, mechanical, and hydroliric stabil- 
ity of the final material. If small silica 
oligomers are present in sufficient quantity, 
precipitation of the surfactant-silicate sys- 
tem is primarily die result of electrostatic 
mtetactions, combined with packing con- 
straints associated with the hydrophobic 
surfactant chains. Whereas precipitation is 
fast and essentially rherraodynamicahy con- 
trolled, silica polymerization into a strong 
and extended framework: is slow and reac- 
tion rate-limited. This two-stage process is 
in agreement with experimental findings 
that contrast the mesostructures obtained at 
room rernperature after chort reaction times 
with those obtained at high temperature 
after long reaction rimes: very similar x-ray 
patterns are obtained for both sets of con- 
ditions, indicating identical precipitated 
mesostructures; however, the materials syn- 
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2- Powder x-ray diffraction 
patterns ol surfactant-silicate me- 
sostructurea precipitated from the 
same reaction mixture (1 M $JO ■ 
0.(334 M Atp 3 ;0.07 M N£l,O:0.ZT 
M CTASr;0l4 M 7MAOH:0.2B M 
TMB:iO0 M HaO), and than treat- 
ed fiydrotheimally at 373 K for 
Afferent times. X-ray patterns are 
shown for <curve A) the initially 
precipitate* layered materia/ 
(curve B) an Intermediate maW 
al and (curve q the M41S hex- 
agonal mesoslructure acquired 0 
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, - ^tocn governs the formation 
w ilar micelle shape for a given 
iiS atid is also responsible for the 
■swelling of the micelles when 
#i "expanders," such as trimeth- 
(TMB) are added co the solution 
term G w{l drives the chemistry 
wall, including the porymcriza- 
j$ f and contains the structural 
t responsible for the multidentate 
term establishes the 

]|tween A and the state of the wall 
p- This coupling across the 
(eaxi be understood in terms of 
interactions (which most like- 
ate), whereby the silicate 
ity within the wall, p <t is mu- 
tied by the charges on the sur- 
1 groups, which have an average 
rge density of 1/A- Thus, rhe 
: interactions link Aq, as defined 
pith p e * a relarjon we refer to as 
sity matching." Such mterde- 
^ctrostatic effects control the d 
^surfactant intercalates in differ- 
pe silicates (15) and have been 
explain the "self-replication" 
Silica layers in purely inorganic 

it-silicate systems, porymer- 
* by will profoundly affect 
j a mechanism to explain the 
etween the lamellar and hexag- 
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gray SiO a re- 
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onal mesophascs. In the early stage of the 
synthesis, the presence of highly charged 
silica oligomers favors a small value of 
which can be achieved with a lamellar 
surfactant configuration. As rearrangement 
and polymerization of the silicate species 
proceed, the density 0 f anionic sflanol 
groups oUminishe*. so chat A v increases, 
while the number of compensating cations 
decreases. At the same time, the wall thick- 
ness can decrease from its initial value 
without energy cost, because the most sta- 
ble ionized siknol groups are confined to 
the wall surface, thus reducing repulsive 
dipole-dipole interactions between the two 
opposite-facing wall surfaces. The silicate 
wall is still poorly condensed during early 
stages of the synthesis, allowing the system 
to increase its A toward by adopting the 
hexagonal structure according to charge- 
density matching criteria- Under these cir- 
cumstances, the wall thickness sraultane- ■ 
ously decreases to keep the volume ratio 
CTA/Si0 2 constant. The actual wall thick, 
new has been estimated to be 10 to 11 A 
(17) for the lamellar mcsophase and 5 to 9 A 
(IS) for the hexagonal mesophase. Simple 
geometrical arguments can be used to show 
that these values are consistent with a con- 
stant CTA/5i0 2 volume ratio throughout 
the phase transition. 

The regularity of the product mesostruc- 
Cures supports mediation of the silicate wall 
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thickness during the assembly process. Tr 
high efficiency of this rnediation is reflected 1 
the experimental observation that the wa 
thickness of the hexagonal phase is essential 
constant (8 to 9 A) over a wide range < 
reaction conditions, independent of the $u 
fectant chain length, and by the clearly ho 
agonal, as opposed to circular, pore shap 
established by both hjgh-tesolution TEM an 
modeling of rhe powder x-ray cUm^ction pal 
terns (19). Control of the silicate wall thick 
nesj is undoubtedly related to the double bye 
potential: silicate species are only accnnrulat 
ed at the surfactant interface to the exten 
necessary for charge compensation* Polymer 
kattorKxroal m the interface, which wouLc 
thicken the wall Or produce amorphous bull 
SiQfc. does not occur because of die strong 
electrostatic repulsion produced by the high 
negative charge on the silicate species at pH 
12 and above (ip). 

Figure 4 shows a mechanism consistent 
with current experimental investigations by 
which the brncllar-to-hexaganai meso- 
phase crarisfbrmarion may occur. Silica poly* 
merization leads to an increase in interracial 
area that Is achieved through corrugation of 
the lamellar surmctant-silicate sheets. As 
implied in the final step, this corrugation 
progresses until connection between the 
sheets is made at the cusps, resulting ulti- 
mately in the formation of die hexagonal 
mesophase. Another way co accemtmodate 
the change in A would be to maintain a 
planar structure while tilting the hydrocar- 
bon chains. Such a transition, however, is 
enrxopicalry disfavored by the restrictive 
chain configuration this suggests. 

Yanagisawaer oL (20) recently reported 
a hexagonal mesostnjctnre, with pore di- 
mensions similar to that of M415, produced 
by the inclusion of CTA+ cations into the 
sheet silicate kanemite. During their syn- 
thesis these researchers observed a layered 
intermediate that subsequently transformed 
into a hexagonal phase material. The pro- 
cess is probably driven by the same forces as 
the transformation we report, although ic is 
not yet dear to what extent the kanemite 
structure is preserved during the conver- 
sion, if die pH is sufficiently basic* for 
example, the sheets can be partially or fully 
destroyed during the process. 

We propose that the lutractant-silicate 
mesophase structure is governed primarily 
by the terms and of Ed. 2. In 
this respect, the main efect of the silicate 
wall and of the reaction conditions ate to 
determine Aq. This provides predictive ca- 
pability for establishing the reaction condi- 
tions that favor the lamellar or the hexag- 
onal mesophases. We have rested this mod- 
el experimentally by monitoring the effects 
of pH and the degree of polymerization of 
the silica source on the mesostructurc syn- 
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tow PH and for a highly polymerised silica 
source. 

In addition, we investigated the influ- 

sX^ « thc surfactant- 
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of the double layer potential. The strong 
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parameter a = 97.3 A (curve 8)^^ * Manaftf ***** 



*heec that separates the surfactant species 
uito two equal and disconnected voC 
This soiled bkondnuoua pha« will be 
formed when the value of set by the 
Z C ?% "Close to the value of 

the Wd ! phase, namely, when pH and the 
CTA *£>* «*> are high. It is ao^*! 
g^s for the silicate wall to occupy a 
periodic minimal surface, because /can 
majamue the wall tliickne* for a given 
CTA/SiOj volume fraction. 

The leading role of G. + G- in 

a foundation for identifying potential re- 
pkecment candidates fo, silicon in the 

ZSTfia °^^ P T US ^axiic frame- 
works. The principal criteria are thar the 
inorganic component must be capable of 
forming flexible polyionic specie*, that ex- 
tensive polymerization of the inorganic 
cc^rxwent must be possible, and that 
charge density matching between the sui> 
factant and inorganic species has to occur. 
In other words, when plays a benign 
joie, must not dominate G. M + 
G - y - in * d * the mesostructunTfonn. 
In addition to bmding efficiently to the 

dioa^s will have a tendency to ^glasses 
easdy. Sthcates are certainly a prorotypic 
sy«em in view of the ease with which they 
form ohgomeric anions with varying de- 
B«*s of poryirseruacion. Other systems, 
however may also fulfill these require, 
mcnts, including transition metals, such 

BnrhTl, * °[ T iTX W elements. 
8 uch as boron, which can form polygons 
and condense. One can also speculate 
about a reversed system in which an an- 
ionic surfactant is used to precipitate a 
2^^,«*P«w, thelauryl- 
™ 0xid f *y«tem reprcserating one 
candidate example. 49 ^X ar ™ ,1 ^^"c^g 
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Snn the trends predicted 
of surfactant-silicate mesosj 
qualitative model outlined^ 
ative binding provides an e*i 
the strong interactions needS 
tate mcsophases from dilute;i 
erenttal pcJymcruatJon of i 
^eipn of the interface tora 
double layer control of th^| 
are responsible for the high, i 
surfactant-silicate mesostruv 
density matching establishes j 
the chemical composition : "" 
the silicate wall and tJi^v 
Particular mesoscructitrc- 
these perspectives will srJb 
^tpcriincnts aimed at prodfl 
ploidng a better understand! 
citing class of materials. , 

"it J 
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5. The general procedure ft*. ; 
structure materials to as M 
fio<4Tfor. containing eHica and 
y1ammdr\Jufti hydroxide (TMA 
an aqueous sofuHon contain] 
and an optional aluminum 
rnocuro is kepi at lemparatu/i&i 
*23 K for reactton lUrxn bW" 
day* In either closed ToflctrV 
snrrino and refluxing in a g& 
eouroes, we used Cab-O-SU * 
ester, NY), an aqueous si 
cale (?7.S96 S.O a , SIOJNe 
Corporation, Valtey PorfiB, ^ 
ortrtosnieata (TEOS) (Afcjriib. 
AftifTiJiurn sources were .tyi 
froin AJurnina Viaia. Houston, 
rate (^ectium Chemteal. Can; 
nar^anirftanVrn afcyfe C^M^^ 
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P»™won between the lame^ P ^ 

that (he 3tfeijAr£' 
* tor me layered materia *own£ 

.volume Increases the value JT^ 

„„, ™'"''7 f 'y s . tfta mesosOucfural 
5^,^£??? »> R 9 2 '8 a eons*. 
sSM[tactani ohan assembly, eombiYM 

^a^3^^^ 
iRS^ p ^ WBnts "f** that 
19 to me aquegus prase mnibto 



An Unnatural Biopofymer 



mcc™ tdT^. ^TcaS 

? R 5a00 °. ^ /=TyS 40 15S9 

iSS*,^ e - , !' li ,ha «ofwi« Of 
i A^S <, 2"? chara «ar'S- 



-tot of efficient ^^JtJ^- 
J*. ^ synthesis ofjJK ^ 
derivatives Cl a„,i £^_T^ . ' PeP^ 0 * 
tic, kIT-: 1 , Peptide libraries 

T^Jhas neatly facilitated these audief 

™ «yntnesii of unnatural biopcrvmeiTi fO. 
H> composed of btdldjng bSM!" 
«WHo acids ,„ ay pj;™^ 



Proved phartnacoS^'oS™^ T^J"" Action of the N c ™ rai 



side chains that 
wmch ' m . Cum, were derived fcl . 



Wiry) mi^VSrr ? 0,0?id sta - ac te ,m Th ■™« 

(mAb) * " 3 monocIonal antibody 'Pcn^N-^J^Tf 

monomer, are stalfc fci "™ Mte 



: ** at e« 20, aao 
J?*?* * »» mesQpores can bo 

I^TSf * c * bon atoms tor 
^Jjh sufactan*. corree.au £ 

1^^?9 S . volumetric consider. 
<W a msasurod vo/d fractional 

»- ana hewQonaHjrJamaiic-roa. 



i^T.^'.^.unpuWiahedviwrit. 

63,888 (1890) 
^^i. H. Delacrah, J. Wo , ^ 

|wndea by Al, P roduc ^ d ^ 



' ,ucetfe « of peptides , is substituted 



temperalun. "On*. „ rum 

tccrcd "hydroxvS^ ft*' 2 J ' ^ N "P«>- 
- ^ - - TO P°*Vstvren^ nain contain- 

000777K<I * nilDATIftll /wim^>(»\.<4 OCl —.1 i_ 
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most weakly coupled QD* is as low as the 
spectral resolution of oar spectrometer, 40 
jseV, a value comparable to die smallest 
linewidtb reported So fer (6). The decrease 
of the exciton lifetime for the anribonding 
state wich increasing level separation can be 
described in a simple twoJevel picture in- 
volving acoustical phonon scattering from 



same cbfectto law and dbactM to a cenhcri ta- 
M OittCfiOn rar^a <^ FWHM *= 800 rm The PL 
ear (spectra rasoJufon = 40 mrV) nd 



™ ^y^wHw-q iB row e r flcat e-^y^- 
This would lead to a cubic dependence of 
this linewideh on the energy level separa- 
tion, which is also observed experimentally. 

<^r^rjix)ven!»beavei^cmetrx>d 
tor the fabrication of ^efo-dimcnsional ob- 
jects of welkkfeted rise, shape, and posi- 
tion. The excellent optical quality, mani- 
fested In extremely narrow emission tines, 
and the high degree of homogeneity acces* 
siWe with this method permit the precise 
tailoring of the quaiitun>mechanical cou- 
pl tag bet ween these nar^^e structures. As 
an extension to this work, we propose the 
toe of higher barriers, narrower QWs, and 
Ae incorpottion of indium into the wells. 
All these measures should increase the bind- 
ing energy of exdtons to the QDs. Tne use 
of strained InGaAs QWs, in particular, is 
omected to enhance this binding energy 
drastically because the strain can be almost 
completely elastically relaxed at the intcr- 

' ^ tlCKi f w " T ^ is mi $ nt c P cn a n5ute co exper- 
imental investigation of a variety of quan- 
tum rnechanio itexdwok examples prcvious- 

from artificial atoms to molecules to an ar- 
tificial one^unensional solid. 



^Will??* » red-shffi* with „. 
^^SSiLSSi?^ ktonticBf Manas 

17. J. 



" "* pnooon scattering trom arraona. 

Ae 4irx>e^t^m-Aq4ewer gate (1 9) . £. * « *-N*tumSt* §4Sm} 
This would kad to a <^bk dependence of ia 



tft P. fltfansn. pe^commiraatteri 



47,1324(1**). 
21. A. R GBrt « fi*t 81. jfiSB (199a 

(199^: 7*^(1W<^ W 74 ' 3654 

^^^STf^J^ <fecu*W sup. 

T**nctogfethfCi^i cental 01 BMCgot. 
13 Augurf 1897: accepted IS October 1997 



Omanfcally Modified Aluminosillcate 
Mesostruetures from Block CopolymeTwiases 

u«I? a ?^ T fJ 11pHn ' Ach ' m Fra "Ck, Alexander Du Chasm* 
HeJke Leist. Yuanming a^ Ralph Ulrteh^^Sler 

Ulnch Wiesner* 

of dblock copolymer, w««^S»»^^^ cfagrwns 
state of alignment were vafed^^ncwXrW^ ^ 
m«cTh88e «sute biggest th^^^SZE^^^ 0 ^^ 
mesophaaea Instead of conwnUona) row^olS^wStts^SSSl^ 

m^rtrtude «cceaaDio fengtn scaJe of these structures by about an order of 
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12. 
13. 
15. 



I' w ^.69.3216(1892)1 
i l^y** < ^ 76. 705 (1 96S) k 

7 ' S^JJ^ 1 ^ Gtod ' A ^ 0- Barrier, a 
Baifertt Asy. Lett 73. 7t8(tBB4), 

257,1968(1895). 

^ett. 74. 4043 

H W L P. Kouv«nhovert. flP>ya Rev. Lett 77, 381 3 

L. Knyanhcven, Stience 26a 1440 (1095). 

r^^^iwwblBoVe laser was locus*! through* 
rJ^^u^ - 50 Wcm-2) onto 
h«?*£Si? f !f no <oacnDn ^ a ttne « expected to 



paid to the synthesis of complex inorganic 
weruJs with Ir^ange order (j). Such 
materials could find applications in caraly- 
sis, inembrane and separation technology, 
and molecular engineering (2). A typical 
approach is the use of organic structures 
fcrmed through setf-assernbly as structure- 
Jwting agents. The final morphology is 
then determined by rKe cooperative organi- 
zation of inorganic and organic molecular 
species into diree^imensionally structured 
arrays, a concept also discussed in die con- 
text of bicminersJbarion (3). This strategy 
has already been successfully used in the 
Pwparatton of morganic mesoporous mate- 
rials «). Different pathways, where the 
arivrng forces of the cooperative oramtza- 
ttcantfi** tonic (5) or based on hydro- 
gen bonds (6), have been described in vast- 
ly different concentration regimes (7). Pore 
sixes of 20 to 100 A are commonly obtained 
in this way. 

Here, we used block copolymers of high- 



3148, 55Q2T MaJhZ, Geonany. 



PoeEech 



er molecular weight CD make the transition 
trom the small to the large mesoscopJc re- 
(up to several tens of nanometers) of 
silica-type mesostrucxures. Bagshaw er ai. 

^^T US ^!! ed bbck - c yP e Ic^-cnolecular 
wegit suriactantB as tsmplating agents to 
gx)duce mesoporous molecular sieves (6). 
Higher ritokcular weight block copolymers 
nave been used to stabilise inorganic metal 
or semiconductor nanopardcles (8). How. 
ever they aH produce solid particles with 
n^cJoipesne^ 

(9). An example of a different shape of 
jnorBanic nuirerial in a random-coil organic 
nc^oopcJymer is the synthesis of randomly 
distnJjured taon$mic nartowtres (JO). Most 
recently, block copc4ytners have been used 
to control the growth of aro^rropic inor- 
ganic crystals (11). 

Block copolymer materials are simitar to 
|ow-molecular weight nonionk surfactant so- 
lutions with respect to their general phase 
behavior (12). The phase diagrams of these 
materials have been elucidated by numerous 
experimental ^ theoretical studies (Z3), 
The ec^nbmarion of inorgaruc siliceous com- 
ponents in a hybrid material with block co- 
polymers is appealing for various reasons. 
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Rrst, a blend of deniable macroscopic prop- 
etties (mechanical, thentul, and so forth) in 
the final product can be expected. Because 
me block copolymer chemistry (architec- 
ture, ehabi ttngfc composition, and so 
tortn) can be varied substantially, it should 
be possible to fine rune the properties of the 
composite. Moreover, the length scale of the 
™OW«ractures of block copolymers 



fl^SH^ ^ scattering 
2 >- 1" « representative SAXS 

a»und a value for the scattering wave vec 

^fcr^f her "?« n***™* clearly, 
nucrosrnrtures of block copolymers- »-en- ^ZZ^" pOS,tions rf VI and \# 
dw order of the cWtetiSffsc^fcT cW^^T^ ^ is 

mav m*- ~™ ™, wrucn °r toay-^Titered cubic lattice, as expected 

tor this volume fraction. ^ 
faa.tJPtcal preparation of an organic- 
-~ i-K^oxypre^mmethox- H^S^ 1 "^ H-b-FEO 

AlfOBu»L. -A ~i_r, . %POiymet); under moderate sdtring, gX. 



J-an*l» ■ ■■■ i — 



may make mesoporoui materials' with 
large pore sizes accessible. Ve investigated 
thesol-gel process ofamixture of two metal 



jolymets «»->• 



vu^f £5?V*» (Pl-b-PBO) (Fig. 
l-irft!? interesting hybrid 

mMttal known reform thin45l«aT«3S5 



^f»«"gtt '"lues i of conventional glass 

Zfti^f f" 00 *^ should nreferentiallv 
hydrogen bonding (as known, for example, 

aevMwt A low-molecular weight nonionic 
^ - - Sgond,_ die low glass 



■»> <«. 7). _ w „ 

^"Krapergufe t - 2« K of the K 
r^r^tamc^nj^ iiJol^ at ambient 
•Watuw and should allow rstfd feSS 

Sd^buuT** 8 ,or * ran ^ e ' even 
Two PI-b-PEO block copolymers, re- 
£"? » » *» «1 PP7, weTayX^ed 
ZjSSF ^'J^erhation using a recently 
<k«Aed Procedure (15). The molecular 
waghoareiieariy lOkgmoH (PP3)and34 

lLTct U PP7) : *• *Wrsiey il 
W (ttJR « los, ^ J^^XLare 

JSJ^"*^ 31x1 nunrber-avSage 
^Pectrvely). The vX 
une fractrorv of the PBO block ic -15% in 
both cases. Their mfaodomain structure 



To corroborate die assignment of these 
two SAXS patterns to a cylindrical and a 
lamellar morphology, respectively, we also 
eanune a the samples by transmission elec 
ntm. microscopy (TEM) (Rg. 3). The con- 
f "iciDgraphs arises from PI, 

agohalh/ packed cyhnderem the two most 
typical projections. The TEM image of PP3/ 
10 (fig. 3B) exhibit, lamellae. TodemS 
^™. the ^3P' serial b confined 

JJJWng (17). In Rg. 3C the silicon map of 
the same area depicted in fig. 3B is shown; 
os w % tjr ymo f^a^taS dicon appea- bright fat das 
and 20 ™l % AKOBu-L 06)^2^ ^^Tw„ conchmons can be drawn from 
and after 2 houn, the mi^ wasZS ^ 3Q « ^ inorganic suWrich phase 



to a petri dkh « 333 to 343 K. >\fe«Se. 
rL'TT^ ** solvents 

ww accomplished by hear treatment at 403 
K tn vacuum for 45 min. A series of film 
ttmpka ^thicknesses of -OsVl 
]^l«pawdin this way by adding different 

«me block copolymer. In the following, 
we 6>cus on samples with 0J2 and 057 e of 

^PO^ to ~2<13nm, and Arre are higher 

and V7 erf this first-order maximum. Thte 
spacing ; sequmce is indicative of a hexagonal 
awry <rfcyllnde«. For PP3/I0 (Rg. 2oTtkt 
«>ain peak a centered around a 4 value cor- 
E^SJlr 19 ^ and two more m- 
S^i"!?**? 1 ?** e««riy visible at 
«ttger mulnptes cf this 4 value. Such a 

^^chamct^ofanarnmgetnent 



J -if 
■IV 



9 10: 



? 



H4 




ai 




q(innr*> 



1^5 



PI-b-PEO 

47BO 



17» 



•^ar^an ang^ posftton c* %^ osub^. 
POrtad far a cyiirxifica) mcrphotogyTa^wal 
«^ curves p, and (5 ProbobV^S 

<a and (P) wow obtarieo wtt sftSst 
^P^^'f" Pa* KQ> equpped w9h a 

S B S? ! «ascss 

«^wand a ap sn detector^iSS 
ovwrneaamuthiiangloCaoeHg. 4), ^ 
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C 



u confined to the PEO phase of PP3. The 



aluminum _. 
obtained for 



!• and similar results woe 
' phase 0$). 




JTto^Trajfnioo^apte of ppa/4 (A ) and PP3/ 
10(B arfCJ. FwTEMl fflrnftwrostahedwah 
Off'- e Z* e ? dBd * Technova. and sectioned 
^ l ^j^ art 5 r y°^ hr ^<^^- Ukrathh 
«ct^(~50om)wereaga^5tai^wfthOsO fl 

i^KV.T^rnapes fri (A) aod(^ wore recorded fi 
me en«a>rflierhg Imaghg nxxteusra elections 

Sflcon <fefribufcno^thosamefii!oa3^0and 
2? t*™** m W> tna 

^sorption edga fn this process tvuo fa. 

^^ e c?? qUl !^l t efact,on tosses ba- 
rare the SH_ a(3 edge, and these are used to ax- 

^f^^i? 381 8608086 tt b «ot Wluenced by 
me ansorntion fttn »f%* ovtn^i^^ £ . 




The length scab of the motphoJop^ m 
*e y^^mptattt ^reflected die 
SAXS patterns mRg. 2, B and C, b —20 

** materials piqared fam 



P«KS prepaeTfrom fpT^p&Si 

nm «n ^driewrf (R* 2D). BecaSe „oteo- 



«» than subtmcted ftxim 

^^^^o d ^^3^ns ,e pure ****** <* 

the S/OCS data iaaraautofc^ 
&n*teftdri W bylre*en fl rgy,n^^^ 





0.0' 

q,(nnr') < V(« m ") -0.6 ^. f) 



+0.6 



mm ir, diameter. Scattering patterr^ to a ^ 

sampte-to.<3etactordlstanS of 130cm. n50Draeo Gn .?«»"»«»X-1000 area detector with a 
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parameters becomes possible. 

The electron microscopy results (ft*. 3) 

as an anchor for the maal attoodde caJa*. 

e»ect ^ obtained from dttfaendal wan- 
ning «Wrry(pSC) ( j9 ). AkhoughX 

mehii«behav«r of the PEOWoSTm^ 

al ^, ! 2 *e addition rf 
£«enal ferp«e PF3> a wd£%£ 

^««» rf Ae PBO Mock ww oppressed, 
mer hlendmg, where die intimate tabdae cf 

«^). Qystalltatto * only 
however. If during the synthe^tSTSnfc 
solvents art evaporated at temperatures 

*• IW I chaws and the > hydrolysis prod- 

££T!.tL "J? ^i^ 0 Uo * and this 
^ fa a ^^«^ conden«rion of the 

Inframation about the inorganic con- 
necttvities can be sained by^S-^ 
nixlear magnetic rejonance. The condai! 
satipn behavior of the present mi^Tj 

ed r«^ e l d,e 8a T 0n ««»«e eonnect- 
« W two or three other metal atoms (silicon 

y W* of die alnminum is incoRxnated in 
T^iesichBl aJnmtaiim is located in alumi- 

waition a> the lints cm the inornanic side 

ethylenec^de derivatives leads to a hiahi 
network density. 

tt»ff / we concentrate cm orientational 

Wflue(22) which is part of the preparation 
I*oe«htte for materiaj,. TWdimen. 

fT3/I0 with respect to the x-ray beam (Kg. 
4) show that m the ^ pb„ e J fdm 
only a nne of small scattering irttearityis 
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observed, whereas in the q y ^ plane two 
strong and narrow scattering peaks along q x 
are detected This result is expected for 
lamellae oriented parallel to the film sur- 
face* It demonstrates that the solvent-cast 
technique is capable of inducing macro- 
scopically aligned samples for the present 
lamellar silica-type mcsostruoures. Because 
the film thickness of these materials is con- 
siderable C~l mm), surface-induced mor- 
phological transitions and related effects 
observed for very thin films (23) can be 
neglected. 
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Promotion of the Cycling of Diet-Enhancing 
Nutnents by African Grazers 
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TWe is a growing recognition in ecology 
that organisms can modify their environ- 
menta in ways beneficial to themselves, 
rather than inevitably causing environment 
tai deterioration (/), and it is a maxim of 
grassland ecology that nutrient recycling by 
grazers contributes to plant regrowth poten- 
tial [2h However, direct evidence ot* the 
effect of large wild mammals on nutrient 
^cycling i* meager (3), and studies in bo- 
real rorests (4) indicate that moose (AJcej 
ate) browsing indirectly diminishes soil 
mineralization rate by shifting the compo- 
sition of vegetation species to less palatable 
and less decomposable plants. 

The distribution and abundance of large 
garing mammals in Serengeti National 
Pkrk, Tanzania, ate influenced by the oc- 
currence of nutritionally sufficient forages 
(5) and the sparioremporal variation of veg- 
etation productivity due to pronounced 
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gec^rapmc rainfall gradients and produc- 
tion seasonality (6). Grazers preferentially 
forage on swards enriched in minerals that 
are important in late-stage pregnancy, lac- 
tanon, and the growth of young anirnab 
There are two plausible explaruinons 
for this phenocnenom Animals forage on 
vegetation supported by soils of innately 
greater nutrient availability* or animal ac- 
tivities augment nutrient availahilicy* Iden- 
tification of the correct explanation has 
implications for conservation policy and 
management (through an urioWanding of 
the habitat requirements of endangered 
wild grazing mammals) and for ecological 
«he°*Y (by documentirtg how grazing mam- 
mals aremecrususticafly coupled with their 
habitats). Regional edaphjc differences af- 
fect the mineral contents of forages and 
thereby influence seasonal movements of 
minatory grazers in the Serengeti. but no 
evidence of general soil differences was 
found m landscape-level studies of resident 
grazers (5), which are those that do not 
miffate but occupy discrete home ranges. 
Here we present evidence concetning the 
mechaniHTifi associated with higher nutrient 
availability at sites preferred by resident 
grazers- 

Minerauzation of two elements— rutro- 
gen (N). which is essential to both plants 
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